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The story so far...

m, = 125 GeV

H — bb (VH tag)
H — bb (ttH tag)
H— tt (0/1 jet)
H — =t (VBF tag)
H — tt (VH tag)
— vy (untagged)
— vy (VBF tag)
— WW (0/1 jet)
WW (VBF tag)
— WW (VH tag)

H->ZZ|

CMS Preliminary
\s=7TeV,L=5.11fb"
\s=8TeV,L=523fb'
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|ATL|AS| 2014 - 2o|12

W,ZH — bb

|
m, = 126.0 GeV

Vs =7 TeV: [Ldt = 4.7 fo”
H— 1t

Vs =7 TeV: fLdt = 4647fb

H— WWw' elvlv
Vs=7TeV: [Ldt=4.7 fb"
Vs=8TeV: [Ldt=5.8fb"

H—y
\s=7TeV: /Ldt=4.81fb"
\s = 8TVdet 5.9 fb”

H— 77" — 4
Vs=7TeV: [Ldt=4.81b"
Vs=8TeV: [Ldt=581fb"

Combined

\s=7TeV: [Ldt=4.6-481fb"

u=14+0.3
Vs =8TeV: [Ldt=5.8-591fb"
| | | | |

4 6

Best fit (5/(58MH

SM Higgs?

SM-like SUSY Higgs!?
Too heavy for SUSY?
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Signal strength (u)

Leptophobic/Fermiophobic?

Exotic BR’s (e.g. DM)!?

Total width?

What keeps the Higgs light?
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Quadratic divergences in the Higgs sector

N QSJW"L
b N

SUSY introduces superpartners to cutoff divergences, must
be around the weak scale

9 3?Jt2 2 m%
OX — Amj, = =5 mi log (m%) SUSY little
y A hierarchy
Ay = — 3 12 1og " problem
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Quadratic divergences in the Higgs sector

N QSJW"L
b N

SUSY introduces superpartners to cutoff divergences, must
be around the weak scale

2
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32 \ hierarchy
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The story so far...

*We have a “Higgs-like” boson at ~125-126 GeV




The story so far...

*We have a “Higgs-like” boson at ~125-126 GeV

*“Low hanging” SUSY (light squarks/gluino) has not been
seen
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The story so far...

*VWe have a “Higgs-like” boson at ~125-126 GeV
*“Low hanging” SUSY (light squarks/gluino) has not been

sSeen

ATLAS SUSY Searches™

- 95% CL Lower Limits (Status: SUSY 2012)

. MSUGRA/ICMSSM : O lep + s+ E,
2 MSUGRA/CMSSM 1 lep + s+ E,
5 Pheno model : Olep + s +E,
2 Phenomodel : O lep + s+ E, .
2 Gluinomed. ¥ (§—aqX ):1lep+js+E,
9 GMSB : 2 1lep (OS) +j's+E,
. GMSB : 1.2t + 01 lop+j's+E'm
- GGM :yy + E] ™

g—;b vnnualb) Olep « 1/72b-'s+«E, __
9D v nnualQ) Olep +3b's+E, ..
s 2 (roalb) Olep + 3bys+E,,
T 9 g—»dx_,o(vmual D:llep+ 1/2by's+E, .
e & g—-tfx (virtualt) : 2 lep (SS) +js + E,
S 2 —.tlic’ (vmualt) Jlep+is+E, ..
-4 g--tix vnrlual!) 0 lep + multi-i's + £,

g—»tf‘ (ymual_) Olep+3b-'s+E,, ...

g—’lx (rea(l)!) Olep+3bys+E, __

S bbt:'—o_px__| Olep + 2-b-jets +E, ____
= 5 bbb sty 3lop0|-t¢E,,,_“
: = i (very lughl) t—abx 2lep+E,
& "é i (Ilght) t—ubx 11‘2 lnp +bijet+E
g = lt (heavy), l ntg :Olep ¢+ bjet+E,
g‘ b tt (heavy), t—otx. 1lep + brjet+ £,
< G [ (heavy), t—oty 2lep +bjet+ E,
1 (GMSBl Z(—ollz +bjet+ £ .

T -~ e X 2lep v E, ...

o 113 L. —-Iv(l\')—’l\ t2lep e E,

‘ —p 3l(h-v)ﬂw2z Vi3 lep+E, .
AMSé (dlroci ;( pair prod ) ¢ long-lived x
Stable g R-hadrons : Full dotoctor

Stable t R-hadrons : Full detector

Metastable g R-hadrons | Pixel del. only

GMSB : stable ©
RPV  high-mass en

EW

Long-iived
particies

ey . ET R q mass (m@) < 2 Tav, l.vn f) ) fs=7. 8 TeVv
. AT Ge\ g mass (mu ) « 200 GeV, mix )-2(!"(1 yermian
24 Tev gmass (tangs « 15) ATLAS

L=4 7 ', sV [ATLAS-CC F-2012- |

oV LAS.CONF-2012-108)

L=4.7 1. 7 YoV [CONF-2012.059) 135 GeV tmass (m(z)-|5LnV)
Led 7 7. 7 YoV [CONF-2012.070) 120-1781GEV] T Mass (mi" )= 45 GeV)
L=4a 7 ', 7 TeV [1200.1447) IB0-465 !mass tmq )-0)

L=a T " 7 YoV [CONF.2012.073)
L=AT ", 7 YoV [CONF-2042-071)

L=47 ", 7 Tev [CONF-2012-07¢) SEBOGEV] | mass
| 120330 GeV 1 mass

L=a 7 . 7 YoV [CONF.2012.076)

L=47 ' 7 YoV [CONF-201 Z mass (mlx D= mix ) mix )= 0, ln(l\) s AbOove)
= 7 YoV IATLAS.CONF.-2012-111) 210 % mass (1<u¢)<10ml
: g mass

m Imass

ASCONF.2012. |

298-30% GeV |

a o 1
Q=g mass
2aTeVw! Q=g mass
T g Mass (m@) <2 TeV. ght 1 B

g mass (tang > 20)
g mass (lnlx ) » 50 GeV)
g mass (mlx D‘ 300 GaV)
g mass u-nu R A 400 GeV)
9 mass iz, ) = 60 Gov)
g mass (mu )~ 1500.\/)
J g mass (mu )-' 300 GaV)
g mass {any m(x ) “ mig)
BoTew §mass (mu ') « 0O GeV)
g mass wvu )‘ 50 GeV)
g mass (mu ) I a0 GeV)
b Mass iz R lﬂo (.cV)
g mass (mix )' Zmu ))

llllll I I [

det = (1.00-58) M’

Preliminary

230-440 GeV t mass

t mass (mix » L O)

(f“(l ) -0)

l mass

Hlb<mu »‘2.’000\/)

T mass

lmu ) - Q)

i J" 0. ’"l'*)'}'(f“(l D emix, om

Ge" g MAass (@ > 10 m)
(5 < tangl < 20)

V. mass (i «010 4,

" 240.05)

= Bilinear RPV i 1lep + s+ E, Q=g mass (cr_,. =« 15 mm)
& BC1RPV  dlep+E, g mass
RPV x ~» QQqut -+ heavy displaced vonox Qmass (3.0<10" <, < 1.6<90" 1 mm < o1 < 1 M, § decoupied)

% Hypo:colour scalar gluons - 4 jets. m_ = m,, |t=acm’. 7 Tev unucow-zou-am sgluon MASS (Incl. Wmit from 1110 2603)

£ Spin dep. WIMP interaction : monojet + £, & L IATLAS. ) sl M* scale (m, «< 100 GeV. vectior D3, Dirac %)
“  Spin indep. WIMP interaction : monojet + E, 7 .7 YoV IATLAS CONF-2012.-0p4] Gl M* scale (m, < 100 GeV. tersor DD, Dwac x) I

1 1 | L L 1 11 |} 1 1 L il 1 1 L LAl 1L L1 1 1 1 1
10" 1 10

*Only & selection of the available mass Nmits on new states or phenomena shown Mass scale [TeV]
All limuts Quoted are observed minus 1o theoretical signal cross section uncertainty.
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Stop searches are key

CMS preliminary

TL G—i”

Not your advisor’s MSSM?
eg NMSSM, MRSSM, o

Stealth SUSY, RPV,
(X)MSSM...

T3Ih: jsqu(id =11 &)
3w g =»WiIF°)
TSInu: * =i ey’

T52z: §-rqu(i =2¢")
TChiSlepSlep: i3¢* =iy’ {’

TChiwz: §* i3 -wzi*{’

T, production: T, —» b+, %, — W '+7 (BR=1, m <200 GeV); T, t+, (BR=1, m > 200 GeV)
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Quadratic divergences in the Higgs sector

P “

If the Higgs is composite these loops are cutoff at the
compositeness scale. [Georgi, Kaplan]

New strong dynamics!
Higgs is composite,a PNGB
New states
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technicolor

technicolor

T

* Technicolor
* fop colour
*Composite Higgs
*Randall Sundrum
eLittle Higgs

Usual spacetime

directions
\ Z boson

Higgs boson

Z

top quark

Extra-dimensional
boundary
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Leads to corrections to Higgs properties

1 V2 . h K2 h3
L = 5(0uh)? V(h)+ZTr{(DM2)Dz} L+2a—+bs by 4o
v - h h? Y
— — (@hd )T |1+ = — 4. 1] h.e. + £W,  with
/3 ) [+Cv+c2v2+ ]<ymd~7 >+ e
1 mp Y\ 3 m, 4
V(h)_§ 2 h* + ds (%)h + dy (8U2)h :

2 2
W _ 98 quwage (R 1 R g g (0
L 487TG G, (kv 2k‘292—|—... + o5t k%+... :

Parameters SILH MCHMS5, no light resonances
a 1 —(cg —c¢r/2)E/2 1-¢
b 1+ (¢ —2cy) € 1—2¢
bs (e, —2cy)2€/3 —3&VT=¢
c 1—(cua/24c¢y)é \1/%
Co —(cH + 3¢y + ¢ /4)&/2 —2¢
P R T e
dy 1+ (6¢ — 25¢p/3 — 11¢,/6) € L2 o)/

kg = kg 309(% /gp) 0

ky 2¢,(9°/9,)¢ 0 [Gillioz et al,

1206.7120]
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Many BSM models predict corrections to Higgs
properties

Composite Higgs models have large double-Higgs

production LHC @ 14TeV [ m— 120 GeV | — eI
4 0
120
\N\\ /7 2*3 30
YN |
d; - 100
E“E o 3
2
S I T
€2 [Contino et al]
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Many BSM models predict corrections to Higgs
properties

Composite Higgs models have large double-Higgs

production —rrcelateV [m=10GeV ]~ =1
‘ 0/fb
120
Determination o )
through this -
[ 100
method is I,
someway off

€2 [Contino et al]

g /}L
7
t
N
g Nh
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Other states
E

New resonances

New electroweak states at ~TeV
MH  New coloured states (KK gluons)
MW Vector like fermions (top partners)

Exotic fermions

Top physics altered
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Other states
E

New resonances

New electroweak states at ~TeV
MH  New coloured states (KK gluons)
MW Vector like fermions (top partners)

Exotic fermions

Top physics altered

Properties predicted in particular models, but should
search in general, a la simplified susy models
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The story so far...

*No large discrepancies (that we have been told about)
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The story so far...

*No large discrepancies (that we have been told about)

ATLAS Exotics Searches” - 95% CL Lower Limits (Status: LHCC, Sep 2012)

1 I 1 LA

”1’0 (8=2)

Large ED (ADD) : monojet +E,
Large ED (ADD) : monophoton + E, M, (6=2) ATLAS
2] Large ED (ADD) : diphoton,m M. (GRW cut-off, NLO) ,
_5 UED : diphoton + E ,,,_: Compact. scale 1/R Preliminary
2 RS1 with k/M_, = 0.1 : diphoton, m,, Graviton mass
E rsrmmet o e Jua=o-ennn
S m =01 My iy
e RS1 with k/M,, = 0.1 : WW resonance, m, ,_,, Graviton mass fs=7,8TeV
§ RS with BR(g“—m)=0.925 Dt l+jets, M ovna KK gluon mass
Ly ADD BH (M,,, /IM,=3) : SS dimuon, N, ... M, (5=6)
ADD BH (M, /M_=3) : leptons + jets, Xp M, (6=6)
Quantum black hole : dijet, F)(m, M, (6%6)
Qqqqq contact interaction : x(m ) A
O qqll CI : ee, uu combined, m A (constructive int.)
uutt Cl : SS dilepton + jets + £, A
Z'(SSM) im,,,,, |[Ls88611" 8 TV [ATLAS CONF.2012:429) 2497Tev 7' mass
Z'(SSM) m_ . |t=4a7m". 7 TeV [ATLAS-CONF-2012-067) 13TV 7' mass
S W' (SSM) im, ., [esas .7 Tov (1200 4048) 255Tev W' mass
Wi(—=1q,9 =1):m, |sasm 77V (CONF2012008) 380 GeV W mass
Wi (—tb, SSM) im_ |geqs w7 Tev [1205.1018) 1437V W' mass
W™ imy o, [Esa 7 Tev (1208.4448) 242Tev W™ mass
-] Scalar LQ pairs (§=1) : kin. vars. in eejj, ev|j |t=18m" 7 Tev [1112.4828) 60 Gev T gen. LQ mass
ol Scalar LQ pairs (S=1) : kin. vars. in pujj. puvjj [e=10m" 7 Tev [1203.3172) s8sGev 2™ gen. LQ mass
[ . 4" generation : '— WbWb | EsiF 2 7ed iheiiminary) 8s6Gav| 1 mass
= 4" generation : bb(TsaT”)_' WIWLE | Lea7 " 7 ToV [ATLAS CONF.2012.130) 670 Gev. b' (T, ) mass
~ Now quark b’ : b'D™s Zb+X, m_ | eze i’ 7 Tov (1204 1285) 400 GeV b' mass
g Top partner : TT — tt + A A (dilepton, M,j Lea7 1", 7 TeV [1209.4186) 4830V T mass (m(A ) < 100 GeV)
[y Vector-like quark : CC,m, , |£=481b" 7 TeV [ATLAS CONF-2012-137) 192%V VLQ mass (charge -1/3, coupling x_, = v/im,)
-l . Vector-like quark : NC.m, |68 "7 TeV [ATLAS CONF-2012-437) 108TeV. VLQ mass (charge 2/3, coupling x o = v/m,)
-8 e Excutgd quarks ypet resonance, mw ‘ q* mass
= O Excited quarks : dijet resonance, m, Q* mass
SE Excited electron : e-y resonance.m_ e* mass (A = m(e*))
w e Excited muon : u-y resonance.m p* mass (A = mu*))
. Techni-hadrons (LSTC) : dilepton,m___, pJw, mass (mip Jo,) -mix,) =M, )
. Techni-hadrons (LSTC) : WZ resonance (vill).m p, mass (m(p.) = m(x;) + m,,. m(a )= 1.1m(p ))
2 Major. neutr. (LRSM, no mixing) : 2-lep + jets N mass (m(W,) = 2 TeV)
S W, (LRSM, no mixing) : 2-lep + jets W, mass (m(N) < 1.4 TeV)
H™ (DY prod., BR(H"—uu)=1) : SS dimuon, m._ H ' mass
Color octef scalar : dijet resonance, m, Scalar resonance ma
1 L L L1l 1 | I . | 1 | I T . . 1 L Ll L 111

10" 1 10 107
Mass scale [TeV]

*Only a selection of the available mass hmils on new states or phenomena shown
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One possible discrepancy?

Possible “TC" explanation

[Eichten et al]

Fm — T
L CDF W Bkg Sub Data (7.3 fb)| |
e u N
> 200 ]
O | Gaussian
X 1 l
E) L WW+WZ (all bkg syst.)
c
)
> dod
W 100+
f,

N
200

M. [GeV/c?]

Events / GeV

—h
-
-
o

500t

CMS, /Ldt—50fb V‘ 7TeV

1500+

WW/WZ
m W+jets
I top
m QCD 7

Z+jets
e data

excluded from ]
the fit; to not
bias the bkg

|

I ]
(l— Signal region -

|

|

|

| modeling

100

200

300
m. (GeV)

400
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o [See B Dobrescu talk at

The story moving on (CHEP]
q .
) o o ’ J

Gluon’: di-jet resonances "
q J
g
, g Gu,

Colorons: 4-jet resonances g ,,xqg:’;‘ig

Vector-like quarks (T°):
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The story moving on o T

Gluon’: di-jet resonances

g* B(G'-> jj)
__,_H_‘.%\_ ]
2 ]
<

u 8 TeV,5.8 fb"
o005 |
[Felix Yu]
OO w0 w0z
ij [GCV]
g G ﬁsff‘.,.,:ig
. H,
Colorons: 4-jet resonances g g

Vector-like quarks (T°):
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Compositeness and SUSY

More minimal SUSY spectrum

[Csaki, Randall and Terning]

[Cohen, Kaplan, Nelson]

Stops and electroweakinos are light
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Conclusions(?)

Compositeness provides a solution to the hierarchy
problem

Already know v/f<0.3, Higgs results soon tell us more
Many new resonances to go after

Much model building variety

Simple general searches (single production, double
production, spin, colour reps, etc etc)
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